SUMMARY The ECG changes during exercise are described in 71 patients with a previous anteroseptal or anterolateral infarction (ANT-MI) and in 73 patients with an old posterior or inferior wall infarction (INF-MI). Left ventricular angiograms in 95 patients yielded a good correlation between areas of dyssynergy and the QRS pattern at rest. The ST changes in patients with coronary artery disease and a normal ECG at rest, and in normal subjects, were oriented toward the right, posteriorly and superiorly. In patients with INF-MI ABNORMAL QRS PATTERNS in the electrocardiogram (ECG) at rest are a strong indication of anatomical or functional abnormalities of the heart," 2 and it is generally accepted that even slight ST-T depressions in the resting ECG may be associated with coronary artery disease (CAD).3 Recent studies indicate that the exercise ECG can give additional information on the presence of coronary artery obstruction4 and on the prognosis of patients with abnormal ECGs at rest.7 However, the interpretation of the exercise ECG in these patients is difficult since it is not known how the abnormal QRS complex and ST segment at rest influence the ST changes during exercise.
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In this paper a systematic analysis of the ECG changes during exercise in patients who had electrocardiographic evidence of an old myocardial infarction is reported. Different types of ST changes could be anticipated. ST depressions in left precordial leads have been observed in patients with severe CAD demonstrated by selective coronary arteriography.' ST elevations during exercise have been reported in the first two months after an anterior wall infarction8 and in patients with a ventricular aneurysm.9'-' Since the QRS pattern at rest is related to abnormalities in the left ventricular contraction pattern2 the spatial orientation of the exercise-induced ST changes was subjected to correlation analysis with the presence of dyskinetic areas in the wall of the left ventricle documented by cine ventriculography. Criteria based on the observations in this study are proposed for interpretation of the ECG changes during exercise in patients with an abnormal ECG at rest.
Patient Selection and Methods
Orthogonal electrocardiograms (Frank lead system) were analyzed during exercise from 162 male patients with an abnormal ECG at rest. Seventy-one patients had a QRS pattern compatible with an old anteroseptal or anteroand inferior wall dyssynergy, the ST changes were more inferiorly oriented. Anteriorly-oriented ST changes were associated with anterior wall or apical dyssynergy and with ANT-MI. Thus the spatial direction of the ST changes during exercise is related to three independent factors: those factors which cause the ST changes in normal subjects, the degree of myocardial ischemia in that particular case, and the extent of dyssynergic areas in the wall of the left ventricle. 
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REST EXERCISE FIGURE 3. Time-normalized ECGs at rest and at the highest workloadfrom 71 patients with an old anteroseptal or anterolateral infarction. Note the absence ofanteriorforces, no Q wave in lead Z, at rest. During exercise the P waves increased in all three leads, the S waves deepened in leads X and Y. ST depression was found in some cases in all leads, ST elevation appeared in some patients in leads X and Z.
Seventy-one patients had electrocardiographic evidence at rest of an old anteroseptal or anterolateral infarction (ANT-MI). The means and 90% ranges of the time-normalized P, QRS, and T waves of these cases have been presented in figure 3 . The absence of a Q wave in lead Z is caused by the previous infarction. The ST segments at rest were close to normal, but in many patients the T wave in lead X was inverted at rest. During exercise, the T waves deepened in leads X and Y. The ST segment shifted predominantly toward the right, superiorly, anteriorly, which caused ST depression in all three leads. In some patients, however, a ST elevation appeared in lead X and to a lesser degree in Z.
In figure 4 , the ECGs at rest and during maximum exercise have been plotted from 73 patients with an old inferior REST EXERCISE No significant differences were observed in the orientation or magnitudes of either the mean P changes or the QRS changes in these four groups. In figure 6 the spatial orientation of the changes of the 3/8 ST amplitudes (ST3) during exercise is plotted on the face of a globe. The different regions of the globe are defined in figure 7 . These plots demonstrate clearly that these changes in the normal reference population and in patients with a normal ECG at rest form a cluster in the right, superior region of the globe. In patients with ANT-MI, the points are scattered more widely, but most are found in the left, anterior, superior region. Patients with INF-MI form a cluster which is more inferiorly and posteriorly located than in normal subjects.
The magnitudes of the ST3 changes during exercise are plotted against the changes in heart rate in figure 8 . The normal range of these gradual changes is indicated by two FIGURE 6. Since a relationship exists between the QRS pattern at rest and the spatial orientation of the ST changes during exercise, the same relation could be expected between the ST changes and areas of left ventricular dyssynergy. In fact, in patients with inferior wall dyssynergy the ST changes were more inferiorly oriented than in those with a normal contraction pattern while anterior or apical dyssynergy was present in 14 out of 18 cases with anteriorly or leftward oriented ST3 changes ( fig. 9 ).
Discussion
The results in this and prior studies indicate that at least three factors influence the ST changes during exercise: 1) those which cause the ECG changes in normal subjects such as changes in heart rate, hematocrit, and intracardiac blood volume; 2) changes of the action potential due to myocardial ischemia; and 3) areas with dyssynergy in the left ventricle which are related to the QRS pattern at rest.
It is remarkable that the direction of the ST changes in patients with a normal ECG at rest is the same as in normal subjects ( fig. 6 ). This could indicate that some degree of subendocardial ischemia is present during strenuous exercise in normal subjects. However, the observation that the ECG changes in normals occur gradually during exercise makes this explanation very unlikely. The ST shift in normal subjects may better be explained by changes in the action potential shape at higher heart rates and by temporarily increased hematocrit and/or decreased left ventricular volume during exercise which both diminish the effect of the radiallyoriented repolarization forces.'2 This in turn causes a shift of the ST vectors in the opposite direction to that of the T wave at rest; rightward, superiorly, and posteriorly. In patients with CAD, the increased oxygen demand during exercise will cause predominantly subendocardial ischemia." When the level of the PQ segment is used as the reference for amplitude measurements in the X lead ECG, subendocardial ischemia results in an ST shift from epicardium to endocardium. Thus the ST changes in patients with exerciseinduced ischemia will have the same spatial orientation, but will be greater than the normal ST-T changes during exercise. During exercise similar ST shifts were observed in patients with inferior wall infarctions and in patients with inferior dyssynergy. The ST shift in these cases was oriented more toward the posterior and inferior direction than in patients with a normal left ventricular contraction pattern. Patients with anteroseptal or anterolateral infarctions exhibited ST shift directed anteriorly, which was also observed in patients with anterior wall or apical dyssynergy.
A schematic explanation of these observations is given in figure 10 . Since no relation has been found between the location of isolated coronary artery obstructions and the direction of the ST forces during exercise,4 it is likely that ischemia during exercise in patients with an otherwise normal ventricle extends through the entire subendocardial region. The electric forces due to the ischemia in the septum and in the lateral wall should then cancel each other and the resultant force will be directed toward right, posterior and superior ( fig. 10, left) . When part of the anterior wall and apex is replaced by scar tissue, dyssynergy will appear on the left ventricular angiogram ( fig. 10, center) . During exercise the ischemic forces in the anterior wall and septum will then be weaker than in the normal contracting ventricle and the resultant force will be more anteriorly oriented. Similarly a more leftward orientation will be observed in lateral dyssynergy ( fig. 10, right) Several other methods are being developed to detect myocardial ischemia. Increased serum lactate concentrations can be demonstrated in the coronary sinus as early evidence of ischemia,'6 but this method is not practical during a routine upright exercise test. Scanning of the myocardium with radioactive isotopes'7 is more promising, and studies with this method during exercise are now underway. Until the data from these studies become available, a completely independent evaluation of the exercise ECG in patients with abnormal ECGs at rest is not feasible. Therefore, at present the ST changes in patients with an abnormal ECG at rest should be interpreted as a sign of myocardial ischemia only when they are larger than the ST changes in normal subjects at corresponding heart rates. This can be justified by the observation that patients with significant ST changes during exercise after a myocardial infarction have a worse prognosis than patients without further ST depression during exercise.7
In conclusion, the ST changes during exercise in patients with an abnormal ECG at rest are partly dependent on the amount of scar tissue present from a previous infarction and partly on its location. Since the direction of the ST changes varies widely, only the magnitude of the changes can be used as an indication of exercise-induced ischemia.
Addendum
In the August 1975 edition of CIRCULATION (54: 209) Cahine, Raizner, and Ishimon reported that ST elevations in leads V5 or V6 in 29 patients were associated with an anterior myocardial infarction at rest and with a left ventricular aneurysm, which is in agreement with the present study.
